Background and objective The EuroQol 5 dimensions 5 levels (EQ-5D-5L) is the new version of EQ-5D, developed to improve its discriminatory capacity. This study aims to evaluate the construct validity of the Spanish version and provide index and dimension population-based reference norms for the new EQ-5D-5L. Methods Data were obtained from the 2011/2012 Spanish National Health Survey, with a representative sample (n = 20,587) of non-institutionalized Spanish adults (≥ 18 years). The EQ-5D-5L index was calculated by using the Spanish value set. Construct validity was evaluated by comparing known groups with estimators obtained through regression models, adjusted by age and gender. Sampling weights were applied to restore the representativeness of the sample and to calculate the norms stratified by gender and age groups. We calculated the percentages and standard errors of dimensions, and the deciles, percentiles 5 and 95, means, and 95% confidence intervals of the health index. Results All the hypotheses established a priori for known groups were confirmed (P < 0.001). The EQ-5D-5L index indicated worse health in groups with lower education level Conclusions The EQ-5D-5L is a valid instrument to measure perceived health in the Spanish-speaking population. The representative population-based norms provided here will help improve the interpretation of results obtained with the new EQ-5D-5L.
Introduction
Patient-reported outcomes (PROs) have increasingly gained relevance in research, clinical practice, and health planning. Perceived health, health-related quality of life (HRQL), and other PRO constructs provide complementary information to traditional health indicators based on morbidity and mortality [1, 2] . PROs are essential to describe health in countries after the epidemiological transition, where life expectancy has been steadily increasing and indicators related to mortality may not be sensitive to the expected results of new treatments and public health interventions.
Psychometric HRQL instruments generate scores on several health dimensions (profiles), while econometric instruments generate a single global score or index, which incorporates society's preferences for health states (utilities). This feature makes econometric instruments suitable for cost-utility analysis by calculating quality-adjusted life years (QALYs). The most widely used econometric instrument in the world is the EuroQoL which, since its development in 1991, has been adapted into more than 170 languages and Extended author information available on the last page of the article countries [3] . It is a generic instrument, applicable both in the general population and in patients with different conditions. There is no doubt that its econometric nature, its low administration burden, and its contrasted metric properties are the main reasons for its wide use. However, the high percentage of individuals with the best health state in the EQ-5D has been repeatedly highlighted as a limitation, since this may reduce its capacity to discriminate within good health [4, 5] and its responsiveness in some health areas [6] [7] [8] .
The EQ-5D-3L is a brief multi-attribute health status measure composed of five questions with Likert response options (descriptive system) and a visual analogue scale (EQ-VAS). The descriptive system covers five dimensions of health (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) with three levels of severity in each dimension (no problems, some problems, and extreme problems). To improve the instrument's sensitivity and to reduce ceiling effects, the EuroQol group has developed a new version with more response options, the EuroQol 5 dimensions 5 levels (EQ-5D-5L). This change from 3 to 5 levels [9] implies an increase in the number of possible health states from 243 (3 5 ) to 3125 (5 5 ). The studies assessing its metric characteristics suggest that the new EQ-5D-5L version decreases the ceiling effect [10] [11] [12] [13] [14] [15] [16] [17] , improves its discrimination capacity [9, 11, 14] without reducing its reliability [9, 12, 14, 15] , and provides more precise measurement at individual and group levels [18] .
The difficulty in interpreting HRQL scores has been identified as one of the main barriers to the widespread use of this type of outcomes [19] . One strategy used to help interpret scores, especially in generic questionnaires, has been providing reference norms based on general population [20] [21] [22] . These indicate a standard value that facilitates the interpretation of the questionnaire scores in comparison to what would be expected, according to age and gender [23] . The EuroQol group has published a book with the population reference norms of the EQ-5D original three-level version from 18 countries [24] including the Spanish standards [25] . Reference norms of the five-level version have also been published [26] for Spain. However, as the development of the Spanish value set needed to calculate the EQ-5D-5L index is quite recent, there are neither studies on its validity nor reference norms for our country with this index [27] . The existing publications covering these issues [26, 28] showed results on the five dimensions and the health index constructed with the 3L-5L crosswalk value set.
Moreover, a multistage sampling process, such as that applied in the Spanish National Health Survey (Spanish NHS) [29] with which the EQ-5D-5L Spanish norms were developed, requires the use of weights to obtain representative estimations of the population, and a specific method for complex sample survey designs to estimate associate errors. Weights assign to each individual their corresponding proportion in the population, to avoid biased estimators. For example, individuals older than 55 years, those retired, and people with a higher number of chronic conditions are over represented when these sample weights are not applied in the 2011-2012 Spanish NHS. Further to weights, as the associated errors for estimators in studies with a multistage sampling process differ from those with a simple random sample, it is necessary to apply a complex sample survey design method to calculate them correctly. However, the already published EQ-5D-5L Spanish norms [26] were calculated without these sample weights from the Spanish NHS nor with any specific method to estimate associated errors for complex sample survey designs. Therefore, these norms may not be representative of the Spanish population.
The main objectives of this study were to evaluate the construct validity and to obtain the reference norms for the dimensions and health index of the EQ-5D-5L in a representative sample of the non-institutionalized Spanish adults.
Methods

Sample selection and design
Data came from the 2011/2012 Spanish NHS. It is a 3-stage sampling, with a first random selection of 2000 census tracts in each autonomous community (stratifying according to the population size of the municipalities), then a random selection of 24,000 households, and a final selection of an individual aged 15 or older and one below this age per home. Information was collected through a computer-assisted personal interview, held in the homes between July 2011 and June 2012. Non-response rate was 33.8% after adding the homes reserved for replacement. Detailed information on the survey and sample construction can be consulted online from the Spanish Ministry of Health, Social Services and Equality [29] .
In the 2011/2012 edition, the survey included for the first time the EQ-5D-5L questionnaire, together with the usual battery of questions to evaluate different health-related aspects and socio-demographic characteristics (age, gender, level of studies, marital status, and work situation) among other. For the current study focused on adults, individuals under 18 years of age have been excluded.
The EQ-5D-5L
The EQ-5D-5L's descriptive system is composed of the EuroQol's 5 original dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression). The new 5-level Likert-type scales have the following answer options: No problem, slight problems, moderate problems, severe problems, and extreme problems or unable to perform. The instrument also includes a visual analogue scale (VAS) on general health: "We would like to know how good or bad your health is today." The descriptive system for the new version was tested in the United Kingdom (UK) and Spain in 2005, as well as the evaluation of the semantic equivalence [30] .
Social preference values of the EQ-5D-5L were obtained in parallel in the UK, Canada, Holland, and Spain, using a standardized protocol designed by the EuroQol group [31] to try to reduce heterogeneity to its minimum, since it was widely highlighted in the social preference estimations of the previous 3-level version [32] . The general population studies carried out to elicit the EQ-5D-5L social preferences combine the techniques of time trade-off and discrete choice [31] . Following this protocol, the definitive social preferences were obtained for the Spanish general population [27] . Applying the social preferences to the individual descriptive system answers, a health index was obtained with a range from 1 (perfect health) to negative values (for those health states considered worse than death), 0 being the value assigned to death.
Variables selected to evaluate construct validity
Based on the Spanish NHS content, the following health indicators were selected to evaluate the construct validity through known groups: education, self-reported chronic conditions, mental health measured by the General Health Questionnaire (GHQ), the restrictions of usual activities due to health reasons, and hospitalization in the previous 12 months. Education degree was transformed into a variable with 4 levels according to the number of years of study: less than compulsory secondary education, finished compulsory secondary education, higher secondary or equivalent, and university studies.
In order to have groups with a balanced number of individuals, a 4-category variable was created with the number of self-reported chronic conditions experienced in the last 12 months (out of a list of 30 included in the survey): none, 1 chronic condition, 2-3, and 4 or more. The GHQ mental health questionnaire [33] measures symptoms of anxiety, depression, and/or insomnia [34] . The GHQ short form has 12 items with response options in a 4-point Likert-type scale. To calculate the global score, responses are dichotomized by assigning value 0 to answer options 1-2, and value 1 to options 3-4. A global score ≥ 3 is associated with a high probability of presenting a psychiatric disorder.
The Spanish NHS includes two questions related to activity restriction due to health reasons in the 2 weeks prior to the interview, and one on limitations in the previous 6 months. The first ones gathered information on having had to reduce or limit usual activities during at least half a day, and having been forced to stay in bed (or in hospital) for more than half a day. Those individuals who answered positively were asked about the total number of days affected, which was dichotomized into 1-7 days and more than 1 week. The self-perceived limitation question, known as the "Global Activity Limitation Indicator" (GALI), was: For at least the last 6 months, have you been limited because of a health problem in activities people usually do? Strongly limited; limited; not limited [35] . The NHS also includes a question about the number of days hospitalized in the previous 12 months. This variable has been dichotomized for known groups' validity evaluation into having been hospitalized or not.
Data analysis
To describe the characteristics of the sample, the crude frequencies and crude and weighted percentages were calculated. The construct validity of the EQ-5D-5L was assessed by comparing known groups, testing the hypotheses established a priori which were derived from the existing literature [17, 20, 21, 36] . Poorer health (reporting problems at dimensions, or lower values in the EQ-5D-5L index and VAS) was expected in those groups with lower education level, as well as a greater number of chronic conditions, a high probability of presenting psychiatric disorder (evaluated with the GHQ), more limitation in daily activities, higher number of days with restriction or in bed, and hospitalization in previous 12 months. It was specifically hypothesized that individuals with a high probability of presenting a psychiatric disorder would more frequently report problems in the anxiety/depression dimension. Strongly limited individuals, people with a higher number of days with restriction or in bed, and those hospitalized in the previous 12 months, were hypothesized to more frequently report problems in mobility, usual activities, and pain dimensions. To test the differences among known groups, general linear models were applied to the health index and VAS score, and a multinomial logit model to the dimensions, in order to adjust by age and gender.
To graphically show the health differences according to age and gender, figures were created with the different results obtained through the EQ-5D-5L for men and women in each age group (in 10-year intervals): percentage of individuals with no problem in each dimension, and boxplots for the health index and the VAS score. Reference norms based on the Spanish population were estimated stratifying by gender and age groups, calculating the percentage and standard error for each level in the dimensions and the deciles, percentiles 5 and 95, mean, standard deviation (SD), and its 95% confidence interval (95% CI) for both the health index and the VAS score.
The analyses were carried out with the statistic package R. In all analyses, sampling weights were applied to guarantee the sample's representativeness. The standard errors were estimated by the Taylor series linearization method for complex sample survey designs. Table 1 shows the characteristics of the sample of individuals aged 18 years or older from the Spanish NHS (N = 20,587), both raw and applying sample weights. Half of the sample were women, and the mean age was 48 (SD = 18) years. More than half of the respondents were married (57.6%) and 46.0% were working at the time of the survey. Regarding studies, 32% had completed compulsory secondary education, 13% higher secondary education, 15.5% vocational training, and 16% university studies. Approximately onethird of the sample stated they had presented no chronic conditions in the last 12 months, and most of them had not suffered any restriction from usual activity (88.4%) nor been confined to bed (94.4%) in the previous 2 weeks, or had not been hospitalized (91.3%) in the previous 12 months. According to the GHQ, 20.8% of individuals were likely to present a psychiatric disorder.
Results
The most marked differences between the crude and weighted data were observed in the distribution by age groups, for example, 18.2 versus 13.4% in the 25-34 yearold group and 34.6 versus 44.1% among those over 55 years of age. In this sense, the differences in the proportion of retired individuals (20.7 vs 28.6%) and of those with 3 or more chronic conditions (38.9 vs 33.3%) also stand out. Figure 1 shows the percentage of individuals with no problems in each dimension of the EQ-5D-5L, according to gender and age group. The dimensions of mobility, selfcare, and activities presented a similar distribution: ≥ 90% of individuals without problems up to 45-54 years of age, and from then on the percentage diminishes as the group's age increases, especially in women. In the pain dimension, there was a higher percentage of individuals with no problems in the younger groups and the gender differences were larger. The dimension of anxiety/depression, however, was the one that showed the fewest differences among age groups and highest differences according to gender. Figure 2 shows the boxplots with the medians, percentiles 25 (Pc25) and 75 (Pc75), and extreme values of both the EQ-5D-5L health index and the VAS score. For instance, for the group of women aged 75-84 the index median was 0.82, the Pc25 0.62, Pc75 0.95, and the interquartile range (IQR) 0.33. The outliers are those values from the sample located between Pc25-3*IQR and Pc25-1.5*IQR, while extreme outliers are those which differ considerably from the rest of the set (lower than Pc25-3*IQR). In this example, the outliers are those between 0.17 and − 0.38 (represented by circles) and the extreme outliers are placed below − 0.38 (represented by stars). In both genders, the index clearly showed differences according to age, with values diminishing in the groups with older individuals. When assessing the general health with the VAS, gender differences were less marked and the relationship with age was more linear. Table 2 shows the percentage of individuals reporting problems by dimension and means of EQ-5D-5L index and VAS, adjusted by age and gender. These construct validity results based on known groups confirmed the a priori hypotheses, with EQ-5D-5L estimators worsening as the variables' categories indicate lower education or more severe health status. All contrasts were statistically significant (P < 0.001). The pattern of dimensions presented the expected results, 12.66% of individuals with a high probability of psychiatric disorder reported problems in the anxiety/ depression dimension, while only 1.44% reported them in the rest of the sample (P < 0.001). Strongly limited individuals, people with a higher number of days with restriction or in bed, reported problems in the mobility dimension (4.20, 1.41, and 2.53%) more frequently than those who were not limited (0.10, 0.11, and 0.13%). This pattern was also observed for usual activities (8.55, 1.75, and 2.63% vs a negligible percentage among non-limited individuals) and pain dimensions (20.38, 11.34, and 13.06 vs < 2%).
The utility index showed the highest differences between extreme groups in the limitation of daily activities in the 6 months prior to the interview (mean: 0.96 vs 0.46) and in the number of days confined to bed (mean: 0.92 vs 0.49). In contrast, the education level showed the smallest differences (mean: 0.94 vs 0.87). The VAS score, similarly to the health index, showed a worse perceived health in the groups with a lower education level (from 79.09 to 71.78), higher number of chronic conditions (84. 31 The EQ-5D-5L reference norms are presented in the annex, including each of the 5 dimensions, the health index, and the VAS score, for the whole sample and separately for women and men, stratified by age groups (18- 
Discussion
This is the first study to evaluate the construct validity and to obtain the Spanish reference norms of the EQ-5D-5L health index calculated with the new country-specific value set. Until now, publications assessing construct validity and estimating reference norms of the Spanish version of the EQ-5D-5L showed results regarding the five dimensions and the health index which had been constructed with the 3L-5L crosswalk value set. Moreover, the EQ-5D-5L Spanish population norms are shown for the first time applying sampling weights and methods for complex sample survey designs, and presented with their associated measure of error and percentiles for the EQ-5D-5L index and VAS. As mentioned above, reference norms help to interpret results in instruments that reflect complex and multidimensional constructs by comparing them to a control group. Having population reference norms in Spain is of fundamental importance, as they will permit estimating the impact of a specific disease, monitoring this impact's evolution through time, identifying populations that need special attention, and carrying out comparisons among different countries. The results obtained confirmed the a priori defined hypotheses to evaluate the construct validity of the EQ-5D-5L according to known groups. The magnitudes of the differences between extreme groups are quite similar (both in direction and magnitude) to those published for the EQ-5D-3L with data from the 2006 Catalan Health Interview Survey (CHIS) [17] . In our study, the difference between the group with no chronic conditions and the one with 5 or more was 0.17 (0.31 in the CHIS), and the difference between no days and more than 1 week of restriction was 0.30 and 0.43 for bed rest (0.25 in the CHIS for any type of restriction). All these results support the construct validity of the EQ-5D-5L for the Spanish population. Moreover, the majority of the differences identified are greater than 0.061 ± 0.008, which has been described as the EQ-5D-5L's minimum important difference (MID), indicating their clinical relevance [37] .
Reference norms allow the comparison of the observed results in individuals or groups with the general population by identifying in the table of norms the most appropriate gender and age group. The difference between the observed score and the value found in the table provides the deviation from the reference population. For example, the EQ-5D-5L index mean value for women is higher than 0.90 for those under 55 years of age, and below 0.60 for those who are 85 or older. The VAS mean score for men is between 90 and 80 for those under 45 years old, and below 60 for those at the older group (detailed norms are available at the annex).
According to the abundant available evidence on the effect of age and gender on health [38] [39] [40] [41] , the results of our study (worse HRQL in women and better in younger groups) confirm the need to generate reference norms stratified by these characteristics, such as the ones in this article's annex. In addition, taking into account the relevant precautions due to the cross-sectional nature of the study, the age distribution reflects the worsening of health associated with aging (more pronounced in the dimension of pain/discomfort) except for the mental component, which remains relatively stable throughout life [41] .
Our results show lower percentages of individuals with no problems in all dimensions, compared to the Spanish population reference norms of the EQ-5D-3L [24] : 82.5 versus 86.3% in mobility; 92.1 versus 95.9% in self-care; 86.3 versus 88.3% in usual activities; 71.7 versus 77.1% in pain/ discomfort; and 83.6 versus 92.2% in anxiety/depression. The EQ-5D-3L norms were obtained from a representative sample of the Spanish population (2001-2003) with a similar sampling approach and characteristics, but with a lower sample size (5473 vs 20,587) and a slightly lower response rate (66.2 vs 78.5%) than the Spanish NHS. Although the lower proportion of individuals without problems is likely due to the expansion from 3 to 5 levels (which allows reporting slight problems), we cannot discard other reasons related to time point or sampling procedures. The distribution in the five EQ-5D-5L dimensions continues to show a marked aggregation of individuals in the best response option (no problems), but this was expected in the non-institutionalized population.
The smaller ceiling effect obtained with the EQ-5D-5L index has also been described in studies that have compared the two EQ-5D versions in other countries: a 12.5% decrease of ceiling effect in Germany [5, 42] , 8.6% in England [10] , 5.9% in Italy [16] , and 4.5% in South Korea [15] . Focusing on the EQ-5D-5L comparison between countries, our results are closer to the South Korean [15] population than to the German [42] , United States [43] , or Polish [44] populations. South Korea is the country with the highest prevalence of people answering 'no problems' in mobility (88%), selfcare (97%), and usual activities (90%), while Spain is the country showing the highest proportion of individuals without problems in pain (74.6%) and anxiety/depression (85.4). This is the first time that there are results from the health index of the new EQ-5D-5L in a representative sample of the Spanish population. The means obtained from the EQ-5D-5L health index are very similar to the reference norms of the EQ-5D-3L index [24] , and the differences for each age group are very small (below ± 0.02). For instance, the highest difference is observed in the age group of 64-75 years, with means of 0.87 in 5L and 0.89 in 3L reference norms. These differences could be due to the 10-year lapse between both studies [45] , the increase in the number of levels in the new version, or the method used to obtain the social preferences: time trade-off [46] in the EQ-5D-3L index and a mixed method in the EQ-5D-5L index [27, 31] .
However, the general health VAS results are substantially higher in our study than in the EQ-5D-3L reference norms [24] . The differences are of a larger magnitude in the younger groups (means of 88.2 vs 82.0, in the 18-24-yearold group) and diminish as age increases (means of 69.8 vs 69.0 in the group aged 65-74). As the general health question and the VAS are identical in both versions of the EQ-5D VAS, differences between studies could only be due to the time lapse. In addition, this question on general health is much more global than the EQ-5D descriptive system. Given that it depends on personal values and expectations, social references, and other context factors, it is more probable for the response to vary considerably among generations and groups within the same society, than in the descriptive system with 5 dimensions or the health index.
The previously published reference norms for the EQ-5D-5L [26] offer raw estimators (unweighted) using the 3L-5L crosswalk value set and, even though they are similar, they are not the same as what was obtained using the new EQ-5D-5L Spanish value set, sample weights, and adequate associated errors. For example, the mean of the EQ-5D-5L index in women was 0.855 [26] versus 0.868 (95% CI 0.860-0.876) in the group that was 60-69 years old; 0.780 [26] versus 0.794 (95% CI 0.785-0.803) in the 70-79 years old group; 0.624 [26] versus 0.658 (95% CI 0.647-0.670) in the group aged 80-89; and 0.418 [26] versus 0.523 (95% CI 0.496-0.549) in the group of 90 or more years old.
When interpreting our results, the study's limitations should be considered. The Spanish NHS only includes the non-institutionalized population, thus leaving out of the study those individuals hospitalized, imprisoned, or in senior citizen homes, who have a worse health state and, therefore, resulting in an overestimation of the population's health. This needs to be taken into account when applying the norms in such groups or individuals. Furthermore, the whole Spanish NHS-including the EQ-5D-5L questionnaire-was administered through computerassisted personal interviews, while self-administration is recommended for the EuroQol. However, a study comparing the interview and the self-completed EQ-5D-3L questionnaire showed little difference between both administration methods [47] .
In conclusion, the study has confirmed the construct validity of the new Spanish version of the EQ-5D-5L, and has provided easy-to-use tables with reference norms for all stakeholders (e.g., healthcare planners, researchers, clinicians, patients) in order to interpret results for different purposes, such as establishing optimal goals in clinical management or evaluating changes at the individual and group level. The population norm tables in the annexes reflect granular reporting of descriptive statistics (estimators and their associated error) that facilitate the comparison of EQ-5D-5L results for individuals or specific groups with data for the average person in the general population with a similar age and/or gender.
